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Abstract:  
When a symmetry is spontaneously broken in solids, a new transport coefficient emerges. A famous 
example is the anomalous Hall coefficient associated with broken time reversal symmetry. Here we 
present a measurement of the analogous transport coefficient in solids with broken rotational 
symmetry, the spontaneous elastoresistivity coefficient, defined as the ratio of the spontaneous 
resistivity anisotropy to the spontaneous structural distortion. In the iron pnictides, the measured 
spontaneous elastoresistivity coefficient coincides with the value of the normal elastoresistivity attained 
at the critical temperature of the nematic phase transition, which in a Landau free energy framework 
implies that the resistivity anisotropy remains a valid proxy of nematicity above and below the 
transition. Building on this equality, we find a nearly four-fold enhancement of the spontaneous 
elastoresistivity coefficient with doping towards optimal superconductivity. Our result reveals a clear 
sign of quantum critical enhancement of the coupling between nematicity and conduction electrons. 
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Introduction  
Electronic nematicity refers to a spontaneous rotational symmetry breaking phase in solids driven 
by electronic correlations1. Due to the finite electron-lattice coupling, electronic nematicity is always 
accompanied by a structural phase transition. From a symmetry point of view there is no distinction 
between a proper ferro-elastic transition and a nematically-driven structural transition. Nevertheless, a 
method to distinguish these two is the measurement of the elastoresistivity coefficient, which is the ratio 
of induced resistivity anisotropy to the externally applied anisotropic strain in the same symmetry channel 
as the nematic ordering2. Above the phase transition, the elastoresistivity coefficient 2𝑚଺଺ is proportional 
to the 𝐵ଶ௚ nematic susceptibility, the divergence of which is a direct indicator of the electronically-driven 
instability. In numerous families of iron-based superconductors, 2𝑚଺଺ follows a Curie-Weiss temperature 
dependence over a large temperature and doping range, which established that the structural transition 
is electronically driven and revealed the prevalence of large nematic fluctuations at temperatures well 
above the phase transition 2–4. 
The proportional relationship between 2𝑚଺଺  and the 𝐵ଶ௚ nematic susceptibility originates from 
symmetry considerations.  In the tetragonal point group the resistivity anisotropy 𝜂 = ఘೣೣିఘ೤೤
ఘೣೣାఘ೤೤
  and the 
Ising nematic order parameter 𝜓  belong to the same irreducible representation, hence they are linearly 
proportional to each other in the infinitesimal limit (𝜂 = 𝑘 𝜓) 5. This symmetry consideration has often 
been adopted as the argument to treat the resistivity anisotropy as a proxy of the nematic order 
parameter itself. Nevertheless, resistivity is not a thermodynamic variable and it depends on extrinsic 
properties such as disorder. While the perfect Curie-Weiss temperature dependence of 2𝑚଺଺ implicitly 
confirms that the proportional constant 𝑘 is independent of temperature above the phase transition, it is 
still unclear whether the constant 𝑘  is also invariant below the phase transition, especially when the order 
parameter grows beyond the infinitesimal limit. 
3 
 
Scrutinizing the relationship between resistivity anisotropy and nematicity is also critical to the 
understanding of superconducting pairing in iron-based materials. Optimal 𝑇஼  is found in the vicinity of a 
fully suppressed nematic phase for most families of iron-based high-temperature superconductors. 2𝑚଺଺ 
has been shown to diverge towards zero temperature at the optimal doping in several families of materials, 
suggesting that the superconducting pairing may be enhanced by nematic quantum critical fluctuations2,4. 
The conduction electrons that participate in pairing are ultimately the same electrons that give rise to the 
resistivity anisotropy, and so the constant 𝑘 that quantifies the coupling of conduction electrons to 
nematicity also encodes the coupling to nematic fluctuations that forms the pairing glue.  
Here we introduce a transport coefficient that directly measures the coupling of nematicity to 
conduction electrons, the spontaneous elastoresistivity coefficient, 𝑚ௌ , defined as the ratio of the 
spontaneous resistivity anisotropy to the spontaneous structural distortion below a phase transition. 
Whereas 2𝑚଺଺ measures the linear response due to the externally applied strain, 𝑚ௌ plays the same role 
as the anomalous Hall coefficient in a ferromagnet, which measures the coupling between conduction 
electrons and a q = 0 thermodynamic order parameter. Since 𝑚ௌ is defined within the broken symmetry 
phase, its zero-temperature limit reflects the ground state properties. For example, the doping 
dependence of 𝑚ௌ  near the putative quantum critical point may reveal the transport anomaly in the 
broken symmetry side of the phase diagram, a region that has been rarely explored in the past6,7 
In this work, we introduce a method that precisely determines the spontaneous elastoresistivity 
coefficient by combining resistivity and x-ray diffraction measurement with in-situ tunable uniaxial stress. 
We show that the spontaneous elastoresistivity coefficient in the underdoped iron pnictide is a 
temperature independent quantity with a value equal to the value of 2𝑚଺଺  at the nematic transition 
temperature 𝑇ௌ. In the framework of the Landau free energy model, this equality is a direct confirmation 
that the proportional constant 𝑘 is invariant across the phase transition. This equality also leads to an 
important consequence: in Figure 1, we show the values of 2𝑚଺଺ at the nematic transition temperature 
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𝑇ௌ  across the underdoped side of the Co-doping phase diagram. The evolution towards optimal 
superconductivity coincides with a nearly fourfold enhancement of the value of 2𝑚଺଺(𝑇ௌ), which suggests 
that the spontaneous elastoresistivity also increases by nearly fourfold near the optimal doping. Our study 
reveals a new aspect of metallic quantum criticality with implications to high-Tc superconductivity, namely 
that the coupling between static order and conducting electrons is enhanced as the quantum critical point 
is approached from the ordered side.  
Precision Detwinning of Orthorhombic Domains 
 The main experimental challenge for a precise determination of the spontaneous elastoresistivity 
coefficient is the presence of orthorhombic twin domains, which cause transport measurements to 
average over the resistivities of the domains. Previous experiments detwinned samples using constant 
uniaxial stress via a clamp or constant uniaxial strain via a horseshoe device8–14, which revealed large 
transport anisotropies in the ordered state maintained down to the superconducting transition or base 
temperature. However, the large stresses induced by these devices inevitably result in additional lattice 
distortions, especially in the neighborhood of the structural transition where the elastic modulus 
softens15–17, obscuring the distinction between the spontaneous elastoresistivity coefficient (𝑚௦) and the 
additional strain-induced resistivity anisotropy measured by the normal elastoresistivity coefficient 
(2𝑚଺଺). More recently, the spontaneous resistivity anisotropy has been measured by the quantum gas 
imaging technique18. Another attempt to get around this issue is a pioneering work by Tanatar et al9, in 
which the resistivity of an FeSe sample was measured in two tensile strain states within the nematic phase. 
The resistivity anisotropy was then estimated by linear extrapolation. The validity of this method relies on 
two assumption: the strain measured from the detwin device is a true measure of the actual lattice 
distortion of the crystal, and the elastoresistivity is a linear function of strain. As we shall discuss below, 
neither of these assumptions holds near the phase transition.  
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We overcome these challenges by developing a new experimental platform that combines x-ray 
diffraction (XRD) and electrical transport with in-situ uniaxial stress tunability (Fig. 2a). This platform 
allows us to measure the lattice constants, orthorhombic twin domain populations, and electrical 
resistivity simultaneously while the uniaxial stress is continuously tuned.  Using this platform, we detwin 
a sample of x = 0.04 underdoped 𝐵𝑎(𝐹𝑒ଵି௫𝐶𝑜௫)ଶ𝐴𝑠ଶ and extract the spontaneous resistivity anisotropy 
(𝜂଴ =
ఘೌିఘ್
ఘೌାఘ್
) and the zero-stress structural orthorhombicity (𝜀଴ =
௔ି௕
௔ା௕
) within the nematic phase. The 
sample we use in this work is located in the underdoped side of the phase diagram with 𝑇ௌ = 74K, 𝑇ே =
64K  and 𝑇஼ = 74K (Fig. 1). We focus on the 10K range below 𝑇ௌ but above 𝑇ே because the long-range 
antiferromagnetic order reconstructs the Fermi surface and induces additional resistivity anisotropy 
effects 19–22. The key to this experiment is a uniaxial strain device23 fully integrated with the beamline 6-
ID-B, at the Advanced Photon Source (Fig. 2a) (see Methods). The lattice constants along the [1 1 0]் , 
[−1 1 0]்  and [0 0 1]்  directions of the orthorhombic unit cell are determined from measuring the 
(2 2 12)், (−1 1 14)் and (0 0 14)் reflections in the tetragonal basis. The sample is oriented such that 
applied strain can detwin the sample and enhance the orthorhombicity. The nominal strain is defined as 
𝜀௫௫௡௢௠ =
୼௅
௅బ
, where 𝐿଴ is the size of the gap  between two titanium plates on which the sample was glued 
with Stycast epoxy. The displacement Δ𝐿 was determined from a capacitance strain gauge. The four-wire 
electrical contact geometry enables the simultaneous resistance measurements along the strain axis.  
Upon cooling the sample below 74K, the single peak of the (2 2 12)் reflection splits into two 
peaks corresponding to the 𝑎஺  and 𝑏஻  orthorhombic lattice constants of the A and B domains, 
respectively, indicating the formation of nematic twin domains (Fig. 2a-b). Figure 2c-f shows detwinning 
results for a representative temperature 8K below 𝑇ௌ. The peak positions and intensities (𝐼஺ and 𝐼஻) are 
shown in Figure 2c. The relative volume fraction of the A domain is determined as 𝐷஺(%) =
ቀ ூಲ
ூಲାூಳ
ቁ x 100, which varies smoothly with applied stress between 0% and 100% i.e. between the B and 
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A monodomains (Fig. 2e, right). While the sample is mostly detwinned over a relatively small strain range, 
the last 10% volume fraction of the minor domain appears to persist up to large strain values. Strain 
homogeneity is confirmed by a nearly-constant Bragg peak width throughout the nominal strain range 
(Fig. 2d).  A video of the XRD detwinning data is available online. 
The 𝐵ଶ௚  orthorhombicity within a domain is defined using lattice constants along both the 
[1 1 0]்  and [−1 1 0]்  directions as 𝜀 =
௔ಲି௕ಲ
௔ಲା௕ಲ
, ௔ಳି௕ಳ
௔ಳା௕ಳ
 under tension and compression, respectively. A 
precise measurement of the spontaneous orthorhombicity 𝜀଴ within the nematic phase near zero nominal 
strain can be made using the split (2 2 12)் reflection as is often done for a freestanding crystal24, with 
𝜀଴ =
௔ಲି ௕ಳ
௔ಲା ௕ಳ
 (Fig. 2c). We observe that 𝜀଴ is nearly constant for 𝐷஺ values between 10% and 90%, leading 
us to define this nominal strain range as the twin domain region (Fig. 2f, between grey bars).  For larger 
nominal strains, the crystal is mostly detwinned to a monodomain, and the induced orthorhombicity 
increases dramatically with increasing tensile or compressive strain.  Uniaxial stress then appears to be 
unable to remove the last 10% of the minor domain without changing the lattice constants of the major 
domain. Therefore, we find that we can mostly, but not fully, detwin the sample without inducing 
additional lattice distortions, which warrants consideration for the design and interpretation of future 
experiments involving the application of uniaxial stress to detwin orthorhombic domains.  
The spontaneous resistivity anisotropy 𝜂଴ results from the resistivities of the distortion-free 
orthorhombic domain, 𝜌௔ and 𝜌௕. Under large stress, the resistivity anisotropy is rapidly enhanced due to 
the elastoresistance effect of the monodomain orthorhombic crystal. In the low-stress twin domain region, 
the orthorhombicity is nearly constant and so we ascribe changes of resistivity to biasing the domain 
populations and not to elastoresistance effects. Due to the network of twin domains running at 45° to the 
length of the sample25, the current takes nontrivial paths, with a preference for the lower-resistivity A 
domain, and so 𝜌௫௫ has a nonlinear response to 𝐷஺ (Fig. 3a).  Since the direct measurement of resistivity 
of a fully-detwinned zero-stress monodomain sample is not possible due to the persistence of the minor 
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domain, we determine 𝜂଴ at each temperature from the resistivities at the edges between the twin and 
monodomain regions, with 𝜌௔ = 𝜌௫௫(𝐷஺ = 90%)  and  𝜌௕ = 𝜌௫௫(𝐷஺ = 10%)  (Fig. 3b filled circles). 
Alternative choices within the twin domain region (𝐷஺ =15%/85%) and in the elastoresistive strain range 
(𝐷஺ =5%/95%) provide an under/over estimate of 𝜂଴ (grey/open circles).  
The spontaneous resistivity anisotropy 𝜂଴ and the spontaneous orthorhombicity 𝜀଴ are well fitted by 
(𝑇௦ − 𝑇)
భ
మ (Fig. 3c-d). From the shared temperature dependence, we find that the ratio  mୱ =
ఎబ
ఌబ
, i.e. the 
spontaneous elastoresistivity coefficient, has a temperature-independent value of mୱ ≅155 (135-195 for 
under/overestimate). The large value of mୱ  is consistent with previous uniaxial stress detwinned 
measurements, which revealed a resistivity anisotropy orders of magnitude larger than the 
orthorhombicity. Intriguingly, while the resistivity anisotropy  is expected by symmetry to be linearly 
proportional to the primary nematic order parameter 𝜓  in the infinitesimal limit (𝜂 = 𝑘 𝜓), the clear 
mean-field behavior of 𝜂଴ gives strong evidence that this linear relation is valid within the nematic phase 
even for large values of the order parameter (40% of the 𝑇 = 0𝐾 saturated value)26, with a temperature 
independent proportionality constant 𝑘.   
To gain more insight into the physical interpretation of mୱ, we examine the Landau free energy that 
describes a nematic phase transition with a bilinear coupling to the lattice27: 
𝐹 =
𝑎଴(𝑇 − 𝑇∗)
2
𝜓ଶ +
𝑏
4
𝜓ସ +
𝐶଺଺,଴
2
𝜀ଶ − 𝜆𝜓𝜀 
Here, 𝑇∗is the bare nematic transition temperature and 𝐶66,0 is the bare elastic shear modulus15,16,28, i.e. 
the elastic modulus of the crystal if there is no coupling to the nematicity. The 𝐵ଶ௚ orthorhombicity 𝜀 is 
linearly coupled to the nematic order parameter 𝜓  via the nematic-elastic coupling term 𝜆𝜓𝜀. In the 
language of pseudoproper ferroelastic transitions, 𝜓  is the primary order parameter and 𝜀  is the 
secondary order parameter. Within the nematic phase and in the absence of applied stress, the nematic 
order parameter develops with a mean-field temperature dependence as 𝜓଴ ∝ (𝑇ௌ − 𝑇)
భ
మ which drives 
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the linearly-proportional spontaneous orthorhombicity 𝜀଴. As the two order parameters have the same 
temperature dependence, their temperature independent ratio is టబ
ఌబ
=  ஼లల,బ
ఒ
. Physically, the magnitude 
of 𝜀଴ is determined by the softness of the bare shear modulus 𝐶66,0 and the strength of the nematic elastic 
coupling 𝜆 . As  𝑘  and 𝜆/𝐶଺଺,଴  are the proportionality constants of 𝜂0  (resistivity anisotropy) and 𝜀଴ 
(structural orthorhombicity) to the primary nematic order parameter 𝜓0, respectively, the spontaneous 
elastoresistivity coefficient ms =
ఎబ
𝜀0
 can also be considered as the ratio of the nematic coupling to the 
conduction electrons and to the lattice, ms =
𝑘
(𝜆/𝐶66,0) 
. 
With this result, we now show that the spontaneous elastoresistivity coefficient can be obtained 
without measurements below the phase transition by analyzing the corresponding quantity in the 
disordered phase, the normal elastoresistivity coefficient  2𝑚଺଺ =
ௗఎ
ௗఌ 
. The 2𝑚଺଺  coefficient is 
proportional to the nematic susceptibility 𝜒𝑁 =
𝑑𝜓
𝑑𝜀
, i.e. 2𝑚଺଺ = 𝑘𝜒ே ∝ (𝑇 − 𝑇∗)ିଵ , which has a Curie-
Weiss temperature dependence above the phase transition2–4. Interestingly, the Weiss temperature 
corresponds to the bare nematic transition temperature 𝑇∗ , which is lower than the actual phase 
transition temperature 𝑇ௌ. As nematic fluctuations diverge towards 𝑇∗, the linear coupling to the lattice 
effectively softens the shear modulus to zero at 𝑇ௌ which induces the structural transition at this higher 
temperature. Thus, the crystal lattice provides a polarizable medium that enhances the nematic instability. 
At the transition, the nematic susceptibility attains a finite value 𝜒ே(𝑇ௌ) =
஼లల,బ
ఒ
, which is exactly the same 
value of the ratio టబ
ఌబ
 maintained below the phase transition. Therefore, the softer the bare shear modulus 
𝐶66,0 and the stronger the nematic elastic coupling 𝜆, the smaller the 𝜒𝑁 is required to satisfy the phase 
transition condition. From this equality of thermodynamic quantities, టబ
ఌబ
= 𝜒ே(𝑇ௌ), we deduce that the 
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equality also holds for the corresponding transport coefficients, 𝑚௦ = 2𝑚଺଺(𝑇ௌ), if the constant 𝑘 is 
invariant across the phase transition.    
In Figure 3e, we compare our measurement of 𝑚௦ to 2𝑚଺଺ for a second sample from the same growth 
batch measured using the standard modified Montgomery measurement2. The 2𝑚଺଺ data follows a Curie-
Weiss fit over a range 100K-200K, with 𝑅ଶ>0.99. Between 80K and 100K (note the slightly higher transition 
temperature, 𝑇ௌ = 79.5𝐾) the value is sub-Curie Weiss, as is commonly found for dopings near the 
optimal doping. We find that the measured value of 128 and the high temperature fit value of 148 of 
2𝑚଺଺(𝑇ௌ) fall within our estimated range of 𝑚ௌ. The agreement between 𝑚௦ and 2𝑚଺଺(𝑇ௌ) confirms that 
the proportionality of nematicity to resistivity anisotropy (𝑘) is essentially unchanged through the phase 
transition, and so the resistivity anisotropy remains a valid proxy of the nematicity above, below and 
through the transition.  
Nematic Fluctuation Softening of the Shear Modulus 
Finally, we independently verify the equality 𝜒ே(𝑇ௌ) =
஼లల,బ
ఒ
 by analyzing the temperature 
dependence of the shear modulus 𝐶଺଺, which can be extracted from the lattice response to uniaxial stress. 
The temperature dependence of 𝐶଺଺ emerges from the second derivative of the Landau free energy with 
respect to strain, as 𝐶଺଺ = 𝐶଺଺,଴ − 𝜆𝜒ே .  Therefore, we expect 𝐶଺଺  to also show a Curie-Weiss 
temperature dependence and approach zero at 𝑇ௌ .  Figure 4a shows the inline and transverse in-plane 
lattice constants at 74K, just above the transition temperature. Both lattice constants show a large 
response to strain which is dampened with increasing applied strain. The orthorhombicity likewise has an 
increasingly nonlinear response to strain with cooling (Fig. 4b). We define the strain transmission as ௗఌೣೣ 
ௗఌೣೣ೙೚೘
  
and the in-plane Poisson ratio as 𝜈௫௬ = −
ௗఌ೤೤
ௗఌೣೣ 
, where 𝜀௫௫,   𝜀௬௬ =
୼௅
௅బ
 are the XRD-measured strains of the 
inline and transverse lattice constants,  respectively. In Figure 4c, a large enhancement of strain 
transmission occurs with cooling, approaching 95% at 𝑇ௌ. The application of tensile and compressive stress 
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stiffens the sample and the strain transmission returns to a baseline ~40%-50% value. The Poisson ratio 
also shows similar behavior (Fig. 4d): under zero stress, 𝜈௫௬   approaches 1 with cooling to 𝑇ௌ  and 
decreases even faster with increasing nominal strain. All these effects can be understood in terms of the 
shear modulus 𝐶଺଺ approaching zero at 𝑇ௌ and the stiffening of 𝐶଺଺ as applied strain tunes the system 
away from the critical point.  
We extract the shear modulus from the zero-stress value of the Poisson ratio using 𝐶଺଺ =
(50.5 𝐺𝑃𝑎) ଵିఔೣ೤
ଵାఔೣ೤
 , where the magnitude is determined from other elastic modulus terms using 
ultrasound data from ref.16 (see supplementary materials). In Figure 4e, we observe 𝐶଺଺ diminishes to 
nearly zero at 𝑇ௌ. The Curie-Weiss fitted temperature dependence (red line) yields a fitted value of the 
bare shear modulus 𝐶଺଺,଴ = 38.8 ± 4.7 GPa in agreement with the high-temperature ultrasound data16. 
The extracted 𝑇ௌ − 𝑇∗ = 23.8𝐾 ± 8.3𝐾  agrees with the Curie-Weiss fitted value for the 2𝑚଺଺  data 
presented in Figure 3e of 𝑇ௌ − 𝑇∗ = 28𝐾 ± 0.5𝐾; however, this is considerably smaller than the value 
obtained from several other shear modulus measurements28,29, where 𝑇ௌ − 𝑇∗~40𝐾 − 50𝐾. Puzzlingly, 
a variety of such measurements have not observed the shear modulus to drop to zero at the transition as 
is expected. In our measurement the Poisson ratio diverges to 1 at 𝑇ௌ, and so our measured quantity has 
its largest value at the transition itself. From this result, we can conclude that the nematic susceptibility 
follows a Curie-Weiss temperature dependence up to the transition temperature and attains a value at 
𝑇ௌ of 𝜒ே(𝑇ௌ) =
஼లల,బ
ఒ
.  
Discussion and Conclusion   
We now return to the doping dependence of 2𝑚଺଺(𝑇ௌ) shown in Figure 1, which not only indicates 
that nematic fluctuations themselves are enhancing but also that the direct coupling of nematicity to 
conduction electrons is enhancing. Thus, even though the size of the thermodynamic order parameter 
vanishes as the system is tuned close to the quantum phase transition, the conduction electrons at the 
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Fermi surface become increasingly sensitive to the orthorhombic distortion. Such an enhancement has 
been inferred from previous measurements of 2𝑚଺଺ in the same material system10,30. In this work we 
clearly establish the correspondence of 2𝑚଺଺(𝑇ௌ)  to the ordered phase quantity, the spontaneous 
elastoresistivity coefficient 𝑚ௌ , and provide a direct physical explanation; the ratio between the 
symmetry breaking transport coefficient and the thermodynamic order parameter enhances on 
approach to the critical point, suggesting that the sensitivity of conduction electrons to the lattice 
orthorhombicity enhances with doping even as the nematic order is suppressed. The observation of an 
enhanced value of 2𝑚଺଺(𝑇ௌ) near the nematic quantum critical point of FeSe1-xSx 3 and LaFe1-xCoxAsO 4 
indicates that this is generic to several families of iron-based superconductors. 
From the experimental perspective, the use of x-ray diffraction gives unprecedented detail in the 
detwinning process itself and reveals a highly non-linear structural response close to the phase transition. 
While similar uni-axial stress approaches have been used recently to explore interesting properties in iron 
pnictides and beyond 31–37, this work highlights the importance of in-situ microscopic measurement of 
structurally-complex quantum materials. 
 
Methods  
Supplementary materials available upon request. 
Sample Preparation: Single crystal samples of 𝐵𝑎(𝐹𝑒.ଽ଺𝐶𝑜.଴ସ)ଶ𝐴𝑠ଶ were grown from an FeAs flux as 
described elsewhere 38. The primary sample used in x-ray measurements was prepared as a thin bar of 
dimensions 2.0 x 0.57 x 0.07 mm and cut along the Fe-Fe bonding direction. A piezo-actuator uniaxial 
strain device (Razorbill Instruments, CS-100) was used to provide in-situ strain. The nominal strain 
(𝜀௫௫௡௢௠)  is defined as 
୼௅
௅బ
, where 𝐿଴=1.08mm is the size of the gap between two titanium plates on which 
the sample was glued with Stycast epoxy. The displacement Δ𝐿 was determined from sampling a 
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capacitance strain gauge using an Andeen-Hagerling AH2550A capacitance bridge.  Nominal strains of 
±0.5% were obtainable with this setup, which was sufficient to fully detwin the sample at all 
temperatures. The four-wire electrical contact geometry is illustrated in Figure 2a. Gold wires were 
glued with DuPont 4929 silver epoxy underneath the sample to not obstruct the x-ray diffraction off the 
top surface of the crystal.  Measurements of the resistivity coefficient 𝜌௫௫ aligned along the stress axis 
were performed using a standard 4-point measurement and an SR830 lock-in amplifier. A second sample 
from the same batch was prepared as in ref2 and the modified Montgomery method was used to 
determine 2𝑚଺଺. X-ray diffraction (XRD) measurements were performed at the Advanced Photon 
Source, beamline 6-ID-B, at Argonne National Laboratories. X-rays of energy 11.215 keV illuminated an 
area 500x500 um, fully encompassing a cross section of the middle of the crystal where strain 
transmission is highest. The sample and strain device were mounted on a closed cycle cryostat. Gaussian 
fits to the tetragonal (2 2 12)், (−1 1 14)் and (0 0 14)் reflections were used to determine the 
orthorhombic lattice constants in the direction of applied stress (𝑎஺ & 𝑏஻), in-plane transverse to the 
stress (𝑎஻ & 𝑏஺) and normal to the plane (𝑐), as labeled in Figure 2a.   
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Figure 1|: x-T phase diagram of Co-doped BaFe2As2. The value of the elastoresistivity coefficient 2𝑚଺଺ 
at the nematic transition 𝑇ௌ shows an enhancing magnitude towards optimal doping (x=0.067) for both 
the measured value (diamonds) and for the high-temperature Curie-Weiss fit value (squares) (see Fig. 
3e). The spontaneous elastoresistivity coefficient 𝑚ௌ (blue) evaluated within the nematic phase is in 
agreement with 2𝑚଺଺ (𝑇ௌ) values. 2𝑚଺଺ data for x=0, 0.025, 0.047, 0.053 from ref. 2 , for x=0.616 and 
0.0648 from ref. 39, and for x=0.04 from the present work. 
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Figure 2| X-ray diffraction of domain detwinning. (a) Schematic of the sample measurement geometry 
and strain device. Uniaxial stress is applied along the tetragonal [1 1 0]் direction. Inline resistivity 𝜌௫௫ 
measures 𝜌௔ of the A domain and 𝜌௕ of the B domain. (b) Zero-stress x-ray diffraction of the (2 2 12)் 
reflection yields the lattice constants aligned with the [1 1 0]் direction. (c-f) Detwinning results at 66K. 
(c) Nominal strain response of the [1 1 0]் direction lattice constants 𝑎஺ and 𝑏஻ with intensities 𝐼஺ and 
𝐼஻.  (d) The full-width half maximum (FWHM) of the Gaussian fit to the XRD peak for both 𝑎஺ and 𝑏஻.  
(e,right) Relative A domain population, D୅ =
ூಲ
ூಲାூಳ
. Grey bars across figure show D୅ = 10% and D୅ =
90%. The small spread of D୅ values near zero strain is due to variance in peak intensities from strain-
shifted crystal grain orientations and not due to a detwinning hysteresis (see supplementary materials). 
(e,left) Inline resistivity with estimates of the resistivities 𝜌௔ and 𝜌௕ at D୅ = 90% and D୅ = 10%. (f, 
left) In-plane orthorhombicity 𝜀 = ௔ି௕
௔ା௕
 determined from within a single domain (red) or from between 
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the twin domains (𝜀଴, magenta). (f, right) The out of plane strain 𝜀௭௭ =
୼௖
௖బ
, which shows a flattened 
response in the detwinning strain regime. 
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Figure 3| Spontaneous Elastoresistivity Coefficient. (a) Resistivity 𝜌௫௫  as a function of A domain 
population at 4 temperatures within the nematic phase. The zero-stress monodomain resistivities 𝜌௔ 
and 𝜌௕ are extracted from the 10% and 90% 𝐷஺ points (filled circles), with an under-over estimate taken 
at the 15%/85% and 5%/95% 𝐷஺ points (grey/white circles). (b) The values of 𝜌௔ and 𝜌௕ below the 
transition and the measured 𝜌௫௫ at the zero nominal strain point (black). (c-d) The spontaneous 
resistivity anisotropy 𝜂଴ and the spontaneous orthorhombicity 𝜀଴ within the nematic phase. Both 
quantities are well fit to a (𝑇ௌ − 𝑇)
భ
మ temperature dependence with 𝑇ௌ = 73.8𝐾 and Rଶ=0.97 and 0.99 
respectively, indicating that both are proportional to a mean-field nematic ordering. (e) The 
spontaneous elastoresistivity coefficient is determined from the ratio of the fits to 𝜂଴ and 𝜀଴ as 𝑚ௌ =
ఎబ
ఌబ
 
= 155 (135-187) (blue). The 2𝑚଺଺ elastoresistivity coefficient was measured for a second sample (black 
circles) in the disordered phase. At the second sample’s nematic transition temperature, 𝑇ௌ = 79.5𝐾, 
both the measured value (diamond) and high-temperature Curie-Weiss fit value (square) are within or 
close to the estimated range of the spontaneous elastoresistivity coefficient.  
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Figure 4| Nematic fluctuation softening of the shear modulus. (a) In-plane lattice constants vs strain at 
𝑇 = 74𝐾, concurrent with the structural transition. Within the disordered phase we refer to the strain-
induced A and B domains as we do the spontaneous domains below the transition. (b) In-plane 
orthorhombicity vs nominal strain above and below the transition. (c) The strain transmission ௗఌೣೣ
ௗఌೣೣ೙೚೘
  and 
(d) in-plane Poisson ratio ν୶୷ = −
ௗఌ೤೤
ௗఌೣೣ
 vs nominal strain. We define 𝜀௫௫ =
୼௅
௅బ
 as the strain of the lattice 
constant along the uniaxial stress direction ([1 1 0]்), and likewise 𝜀௬௬ for the in-plane transverse 
direction ([−1 1 0]்). Both strain transmission and in-plane Poisson ratio show an enhancement near 
zero strain which increases with cooling to the transition. (e) Extracted shear modulus vs temperature. 
The shear modulus is determined from the peak value of the in-plane Poisson ratio ν୶୷ as C଺଺ =
50.5 ଵି஝౮౯
ଵା஝౮౯
 (GPa) . Error bars represent one standard deviation (derived from the standard deviation of 
ν୶୷ over a small strain range 1.5 x 10-3  about the peak value of 𝜈௫௬). The shear modulus over a 
temperature range of 74K to 140K is well fitted to a Curie-Weiss temperature dependence as C଺଺(𝑇) =
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𝐶଺଺,଴ ቀ1 −
஻
(்ି்∗)
ቁ , with 𝑅ଶ = 0.97 and fit values 𝐶଺଺,଴ = 38.8 ± 4.7 𝐺𝑃𝑎 , 𝑇∗ = 50.0 ± 8.3𝐾 and 𝐵 =
24.0 ± 7.8𝐾.  
